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The macadamia nut tree was first introduced into Hawaii about 1892. 
Commercial plantings were made in 1922, and in 1931 a factory was built 
to process the fruits. Macadamia nut plantings have steadily increased to the 
present acreage of about 2,750, and this crop has attained an important part in 
Hawaii’s agriculture. Thus far the insect problems on macadamia have been, 
except in one orchard, of minor importance. With the increase in acreage 
and plantings being made in new and different locations, more insect prob- 
lems are to be anticipated. 

Of the insect pests found on macadamia in Hawaii, Cryptophlebia illepida 
(Butler), a native Hawaiian moth, has been the most important. It was first 
reported damaging macadamia nut by Swezey (1919). Swezey stated that the 
outer husk was eaten and that the larva was observed “in some cases eating 
the nut somewhat also.” This pest has been reported to be present in most 
of the orchards on Kauai, Oahu, Molokai, Maui, and Hawaii. A 1954 survey 
of the orchards in the Territory revealed that the orchard at Nutridge, Mt. 
Tantalus, Oahu, which is the oldest in the Territory, is the only orchard with 
significant damage done by this pest. 

Most of the previous work done on C. illepida consisted of observations 
of hosts and parasites. Swezey (1908) described the egg, larva, and pupa of 
C. illepida; however, the descriptions are not adequate for proper identifica- 
tion. Herein, the descriptions of the immature stages, life history data, para- 
site and host records, and data on damage are presented. 

C. illepida has been variously known as the klu tortricid, koa seed moth, 
koa seedworm, litchi moth, litchi borer, macadamia nut moth, and maca- 
damia nut borer. In the “List of Common Names of Insects Approved by the 
Entomological Society of America” it is called the koa seedworm. 

Other pests of macadamia, all of which have been of minor importance 
in Hawaii, will be discussed briefly herein. 


1 Published with the approval of the Director of the Hawaii Agricultural Experiment 
Station as Technical Paper No. 383. 
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DESCRIPTIONS OF IMMATURE STAGES OF C. d/lepida 


Egg 

Flat, elliptical to circular; length about 0.8 mm., width 0.6 mm. when 
elliptical. Dorsal surface finely reticulate, slightly convex. Color variable, 
white or ivory with red spots which appear after first day. 


Larva 


Thorax and abdomen white with infuscate pinacula. Sometimes whole 
body with pinkish cast. Pinacula in first and second instars difficult to see 
without aid of microscope. 

Head (fig. 1, a, c, d): In fifth instar yellowish brown, blackened at the 
ocellar circle and latero-posterior corners. In first to fourth instars dark brown 
or almost black. Cervical triangle deep; in broadest frontal aspect general 
outline of head capsule somewhat trapezoidal. Adfrontal suture (ADFS) 
meets longitudinal ridge (LR) at cervical triangle. Suture between front and 
clypeus indistinct. Seta Adf? slightly ventrad to apex of front. Puncture 
Adf? near Adf?. Adf! nearer to F! than to Adf?, one-third or less the distance 
to Adf?. Seta Fİ equidistant from F° and Adf?. Seta E? in straight line with 
and equidistant from El and F°. Three ultraposterior setae and one puncture 
(X) present, all in straight line and about equidistant apart. In lateral aspect 
AL Аз, and L! in straight line, A? slightly dorsad to this line. Distance be- 
tween A! and A? equal to that between A? and Lİ, Puncture О in straight 
line with and equidistant from О? and O%. P* in straight line with L? and P}, 
slightly nearer to L!, equidistant from A? and LI. 

Prothorax (fig. 1, a): Cervical shield light brown except for white median 
longitudinal strip, with irregular row of dark brown spots on each side of 
anterior half of median strip, each row diverging laterally from about mid- 
point of shield; another irregular row of spots present parallel to posterior 
margin of shield. Oblong, trisetose pinaculum present immediately ventrad 
to spiracle in lateral aspect; ventrad to this pinaculum a circular, bisetose 
pinaculum present. Setae VII four in number, located on medio-posterior 
side of basal segment of true lez. Seta VIII located on venter on small 
pinaculum located between legs. 

Mesothorax and metathorax (fig. 1, a): Pinaculum I oblong, bisetose; 
pinaculum II circular, bisetose; pinaculum III largest, oval, unisetose; pina- 
culum IV oval, bisetose; pinaculum VI circular, unisetose. Setae VII and 
VIII located in similar positions as on prothorax. Small bisetose pinaculum 
present anterior to pinaculum II. 

Abdomen (fig. 1, b, e): Ventral prolegs normal; crochets uniserial, in 
circle, more or less uniordinal (some crochets shorter than others but not in 
any regular sequence). Crochets on anal proleg in anterior, transverse, semi- 
circular band, uniserial and more or less uniordinal. All pinacula more or less 
circular. Segments 1 to 7 with pinacula I, П, II, and VI unisetose, IV bise- 
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tose, VII trisetose. Segment 8 similar to preceding segments except for uni- 
setose pinaculum VII. Pinaculum I on segments 2 to 8 notched anteriorly, 
notches becoming smaller on posterior segments; sometimes this pinaculum 
on segments 7 and 8 with circular hyaline spot instead of notch. Pinaculum 
III sinuated ventrally on first four segments, sinuation gradually straightening 
on posterior segments. On segments 1, 2, 7, 8, and 9, pinaculum VIII rela- 
tively large and conspicuous, located near bases of prolegs on side toward 
median line. Segment 9 with most dorsad pinaculum fused with correspond- 
ing pinaculum of other side, seta 11 located on this pinaculum; setae I and 
III located on pinaculum ventrad of the most dorsad one. Ventrad to pina- 
culum with setae I and III, is a pinaculum with variable number of setae, 
usually bisetose (IV, V), sometimes trisetose (IV, V, and VI), sometimes 
bisetose on one side of body and trisetose on other. Pinaculum VİT uni- 
setose. Anal shield light brown with scattered dark brown spots. Anal comb 
lacking. 


Pupa 

Light brown, often becoming dark brown when nearing eclosion. Ab- 
dominal segments 2 to 7 each with two transverse rows of stout, conical 
spines on dorsum (fig. 1, f ). Spines of anterior row on each segment larger 
than those of posterior row; spines of anterior rows progressively larger 
posteriorly. Spines on segments 2 to 7 variable in number and position. 
Segment 1 without spines; segments 8 and 9 with only anterior row. On 
segment 8 number of spines varies from 6 to 11, on 9 from 5 to 9. Segment 
10 with 2 to 5 spines dorsad and one on each side of anal opening. Wing tips 
reach anterior portion of segment 3 (fig. 1, g). 


Adult 


The adult of Cryptophlebia illepida was first described by Butler (1882) as 
Teras illepida. Subsequently Walsingham (1907) placed it in Cryptophlebia 
with a redescription. In addition Walsingham described two new varieties of 
C. illepida (var. fulva and var. suffusa) and two new species of Cryptophlebia 
(C. tetrao and C. vulpes). Zimmerman (1946), after observing the great varia- 
tion of size, color, and color pattern in this complex, considered the problem 
of conspecificity of the above mentioned varieties and species. He noted the 
uniformity of the male genitalia of otherwise varying specimens from differ- 
ent places and hosts, and is of the opinion that this complex taxon is one 
species. I have made similar observations and am of the same opinion. 


he 0: SSS 


Fic. 1. Cryptophlebia illepida (Butler). a-e, larva: a, lateral aspect of head, prothorax, and 
mesothorax; 5, lateral aspect of third abdominal segment; c, frontal aspect of head; d, pos- 
terior aspect of head; e, lateral aspect of ninth and tenth abdominal segments. f, g, pupa: 
f, dorsal aspect; g, ventral aspect. 
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Swezey and Zimmerman (1946), following Meyrick (1910), place //zpz/z 
in Argyroploce. Bradley (1953), in his review of some of the important species 
of Cryptophlebia, places illepida in this genus. 

The reader is referred to Walsingham (1907) for the adequate description 
and illustrations of the adult of this species. 


BIOLOGY OF C. illepida 
Egg 

Eggs are laid on and stuck to the surface of the husk of the macadamia 
fruit in clusters or single isolates. Usually, if in clusters, the margins of the 
eggs slightly overlap. In cages when ovipositional sites are limited, eggs are 
often laid on the peduncle of the fruit. In the orchards, unhatched viable 
eggs can be found on fruits one-half inch in diameter to ones fully matured. 
Usually three or fewer eggs are laid on one fruit; however, single fruits with 
as many as 15 eggs have been seen. 

The egg when first deposited is white. Red spots appear on the dorsal 
surface on the second day and increase in number on the third day. On the 
fourth day these spots become confluent and cover most of the dorsal surface. 
Just before the dark brown head capsule and cervical shield are apparent 
through the egg shell, the red spot begins to disappear. At the time of 
hatching no red is visible. The eggs hatch in from three to five days. If the 
hatching time is less than five days, the color change is proportionally 
hastened. 


Larva 


The larva chews its way out of the egg when hatching. Often after emerg- 
ing from the egg it will insert its head back into the egg to eat the contents. 
Usually the larva crawls away from the egg shell and bores into the husk, 
but less frequently it bores directly into the husk from within the egg shell. 
When the hole is about one-half body length in depth, the first-instar larva 
forms a shield over the hole and itself with silk and excrement and appears 
to rest before continuing to bore. It bores directly to the shell and then along 
the husk next to the shell. If the shell is still soft, it may bore through the 
shell to the kernel; however, this does not occur until the second or later 
instars. Sometimes a larva will leave one fruit and enter another. 

The larva, if it enters the husk in the third or later instars, will manifest 
its presence within the fruit by extruding excrement through the entrance 
hole of its tunnel. If it enters the husk in the first instar, the hole calluses 
over with the disappearance of the excrement shield and only a black dot 
remains. The larvae are negatively phototropic and/or positively thigmotropic, 
inasmuch as they seek dark and tight places. 

As many as seven larvae, a mixture of all instars, have been observed in 
one fruit. All stages, including the first instar to the pupa, can be found on 
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matured but not-yet-dried-up fallen fruits. The larva does not feed on dried 
husk; therefore, it must pupate before this condition occurs in order to 
survive. In the field the husk of immature and mature fruits on the ground 
will dry up in about six days in the absence of rain. Attempts were made in the 
laboratory to rear larvae on fully matured kernels. The fourth- and fifth- 
instar larvae developed to the adult stage but the first three instars died 
without molting. 

The larva when disturbed will eject a drop of amber liquid from its mouth. 
The significance of this, if any, was not ascertained. 

To determine the number of instars and the duration of each stadium, 
larvae were reared individually in petri dishes on fresh sections of young 
macadamia fruit. Larvae were dissected out of the sections at about the same 
time each day to see whether molting had occurred, then they were placed 
back into the petri dishes with fresh sections of macadamia. The data ob- 
tained are presented in table 1. 

There are five larval instars in C. #lepida. In this study the total number of 
individuals descreased from instar to instar because of death or escape. The 
mean duration of the entire larval stage, obtained by adding the mean dura- 
tions of all the instars, was 16.3 days. This figure comes close to the mean 
duration of 16.2 days, which was obtained from the total larval period of 
each individual (table 2). 

The applicability of Dyar”s rule for the determination of the number of 
instars for this species was investigated. Head width measurements of larvae 
of known instars, reared under similar conditions, were taken. When rep- 
resented on a graph, the first three instars showed discontinuous, unimodal 
groupings, but the fourth and fifth instars showed considerable overlapping 
and no definite peaks. Since all larval instars can be found throughout the 
year at the orchard at Nutridge, samples of larvae were taken periodically 
and their head width measured. A graphic representation of the measure- 
ments showed no distinctive groupings or peaks even in the earlier instars. 
The above observations indicate that Dyar’s rule is not applicable to this 
species under the conditions observed. 

After each molt the larva eats rapidly until engorged, then appears to be 
quiescent (usually a day) until the next molt. When molting, the head cap- 
sule is shed by backing out of it, and the body skin by wriggling out forward. 

About two days prior to pupation, the larva spins a cocoon of silk and 
excrement around itself and remains quiescent until it pupates. By this time 
the vast majority of the infested fruits have fallen to the ground. 


Pupa 


Pupation occurs in the tunnel near an exit hole in the husk. Sometimes, 
when the husk splits before pupation, the cocoon may be built along one 
edge of the crack. When the pupa is first formed it is light brown, then 
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gradually becomes darker, and when time for adult emergence it is almost 
black. The pupa wriggles two-thirds of the way out of the cocoon and 
extends through the exit hole when nearing eclosion. 


TABLE 1. The duration of the larval and pupal stages of C. illepida. 


Uu... .————————— 





RANGE OF MEAN 
INSTAR NUMBER DURATION DURATION STANDARD 
INDIVIDUALS IN DAYS IN DAYS DEVIATION 
Tex ба 106 2-6 3.38 0.75 
P EEEE иаа 83 1-5 2.38 0.68 
Аһ рб јатды 74 1–4 2.20 0.68 
Аты рә ааа 65 1-6 2.40 0.82 
КИ 56 3-8 5.93 1.28 
DUPA ege Ps 48 8-12 9.56 1.18 


TABLE 2. Frequency distribution of C. #lepida larvae with reference to total larval period. 


"r 0 20000 0 00———— 
Ҹаналы 13 14 15 16 17 18 
No. individuals............ 1 3 10 18 20 4 
2070000000 o aa eee 


Total number individuals = 56 
Mean duration of total larval period (days) = 16.2 
Standard deviation = 1.02 


Adult 


The adult is able to fly almost immediately after emergence. Its activity 
is usually nocturnal. During the day adults are found among the fallen leaves 
and in crevices of the trees. Mating and oviposition in the field probably 
occur at night, inasmuch as this was the only time they were observed to 
occur in the laboratory. 

Table 3 represents a laboratory study of the number of days after emergence 
that the females laid their first eggs. The eggs were fertile. The females were 
paired with males of the same age on the day of emergence. 

To obtain information on mating and reproduction, adults were reared on 
honey-water in tin-can cages. These cages were made by removing the tops 
and bottoms of the cans and covering the open ends with screen discs. The 
discs were held in place with the rims of the covers of ice cream cartons. In 
one screen a hole, which was plugged with a cork, was made to facilitate 
feeding and transfer of specimens. The inner surface of the can was lined 
with wax paper upon which the eggs were laid. The wax paper was easily 
taken out for study of the eggs. 

During the course of this study the following information on mating and 
reproduction was obtained: 

1. Individual virgin females kept isolated laid eggs after becoming two 
days old, but these eggs did nct hatch. Such eggs, when examined micro- 
scopically, showed no sign of embryonic development. 
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2. Reproductively matured females laid fertile eggs the same day they 
were paired with fertile males. 

3. Only males more than two days old were able to fertilize females. 

4. Some females laid fertile eggs up to four days after the males were 
eliminated. 

5. Oviposition usually occurred daily, once it was initiated. 

6. The longest egg-laying period observed was six days. 

7. The oldest female which oviposited was 11 days old. 

8. The maximum number of eggs laid in a single day by an individual 
was 128. 

9. The maximum number of eggs laid by an individual was 367, laid over 
a period of four days. Another individual laid 328 eggs in six days. 


TABLE 3. Frequency distribution of adults of C. ‘Wepida with reference 
to age at initial oviposition. 


Days after emergence.. 1 2 3 4 
No. adults............ 0 8 10 8 
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Total number females = 36 
Mean age at initial oviposition = 3.8 days 


DAMAGE TO MACADAMIA BY C. ¿lepida 


Damage to macadamia by C. //2ğzziz is confined to the fruit. Fruits one-half 
inch in diameter to matured size are attacked. In young fruits, if damage is 
extensive enough, development is arrested, and the fruits may drop to the 
ground or may remain attached to the axis of the raceme and eventually dry 
up. If damage is slight and confined to the husk, development may continue 
to maturity without any apparent effect. Usually when the shell is damaged 
in the young stage but development continues, the shell at fruit fall is dis- 
torted and undersized. The kernel is then undersized but not distorted. 

To ascertain whether larvae bored through the hard shell as reported by 
Williams (1936), seven to ten larvae, a mixture of second or older instars, 
were placed on a caged cluster of four or five fruits that were on the tree. 
The shell of each fruit was tested for hardness by hand with an insect pin. 
All shells appeared to be fully hardened, since as with the shell of fallen, 
matured, dry fruits, the pin point could hardly break the surface of the shells. 
A total of 10 clusters was involved. The fruits were examined after they had 
fallen inside the cage and the husks dried up. Although the inner layer of the 
husks was almost completely eaten, no complete penetration of the shells 
was observed. During the course of this study, thousands of shells were 
examined and occasionally shallow excavations in the shells, most probably 
made by C. 2/ергаа larvae, were observed. It appeared as though attempts 


292 Proceedings, Hawaiian Entomological Society 


were made to bore through the shells, but that the hardness “resisted” such 
efforts. 

Sometimes, from the appearance of the hole (clean-cut edge and no dis- 
tortion of the shell), it seemed that boring through occurred when the shells 
were fully hardened. A probable explanation of this ts that larvae bored 
through when the shells were of mature size but were not yet fully hardened. 
This was observed to occur in many cases in which the matured fruits later 
showed no shell distortion but did show holes in the shell with clean-cut 
edges. 

C. illepida \arvae usually damage the kernels only partially, and these can 
still be sold at a lower price. However, an important consideration is that a 
hole through the shell provides an avenue of entry for fungi, nitidulid 
beetles, and ants, which completely damage the kernel. 

At the macadamia orchard at Nutridge, the heaviest crop of matured fruits 
appears from September through January; however, fruits suitable for C. 
illepida infestation (one-half inch in diameter or more) are found throughout 
the year. Thus, the orchard by itself can and does maintain a C. illepida 
population throughout the year. The largest number of fruits suitable for 
infestation is found on the trees from June to the end of the year, but 
proportionally more young fruits are found in June and July than in the later 
months. 

During 1954, infestation data were obtained which are presented in figure 
2. To obtain the data, 200 fruits were picked at random from throughout the 
orchard at about the middle of each month. These fruits were green, more 
than one-half inch in diameter (suitable for infestation), and on the ground. 
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Fic. 2. Per cent infestation of macadamia fruits by C. #lepida. 
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In view of their fresh condition, they were on the ground probably for not 
more than three days. A fruit was considered infested when one or more 
larvae had penetrated the husk. One to seven larvae were found in each 
infested fruit. 

The average number of larvae per infested fruit in the samples was essen- 
tially the same throughout the year; however, the percentage of fruits with 
husks damaged increased rather sharply beginning in June and reached its 
highest levels in July, August, and September. Since during this period there 
were as many fruits of suitable size for infestation as at any other time of the 
year, the highest larval population is indicated for this period. This high 
population could be a manifestation of a usual annual rise in the density 
of a population maintained in the orchard or the result of a migration of 
adult moths to macadamia from other hosts. In the vicinity of Nutridge the 
only favorable host that occurs in abundance and on which there is a large 
population of C. illepida is Acacia koa Gray. Therefore, if migration had 
occurred, it most probably was from A. koa. This viewpoint appears especially 
favorable in light of the fact that that year the koa pods dried up in June and 
were no longer available as hosts. 

The percentage of kernel damage was highest in June. This damage could 
have been expected since there were proportionally more fruits suitable for 
infestation with penetrable shells at that time than at any other time of the 
year. 

Hosts PLANTS OF C. 7/ргаа 


From the list below it is evident that C. 7120224 has a wide range of hosts. 
It is found frequently on Acacia koa, A. confusa, A. farnesiana, Macadamia 
ternifolia, and Sapindus oahuensis, and less frequently on the other hosts. 

Referring to A. koa, Swezey (1954) states that “Often a high percentage 
of seeds is destroyed so that it is sometimes difficult to obtain seeds for 
planting in reforestation projects.” In counts obtained at various locations 
on the islands of Oahu and Hawaii, Swezey has obtained seed destruction of 
10 to 99 per cent. Out of 200 randomly picked pods examined by the present 
writer from Mt. Tantalus, Oahu, in 1954, 21.2 per cent showed C. ilepida 
infestation. Usually about half of the seeds in a pod were destroyed. 

In the present work, the garden string bean was found to be an excellent 
food for the laboratory rearing of the larvae. 


Leguminosae 
Acacia confusa Merrill Inga edulis Martius 
A. farnesiana (L.) Willdenow Phaseolus sp. 
A. koa Gray Pithecellobium dulce (Roxburgh) Bentham 
A. koaia Hillebrand Mezoneurum kauaiense (Mann) Hillebrand 


Cassia glauca Lamarck 
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Sapindaceae 


Alectryon macrococcum Radlkofer Sapindus oahuensis Hillebrand 
Dodonaea viscosa Jacquin S. saponaria L. 
Litchi chinensis Sonnerat 
Proteaceae 
Macadamia ternifolia Mueller 
Anacardiaceae 

Mangifera sp. 

PARASITES OF C. illepida 


Of the hymenopterous parasites listed below, I have reared Horogenes 
chilonis, Pristomerus hawaiiensis, and Coccygomimus punicipes from C. illepida 
larvae infesting macadamia and A. koa at Mt. Tantalus, Oahu. Only the 
third, fourth, and fifth instars were observed to be parasitized by these para- 
sites. 

Ichneumonidae 
Cremastus hymeniae Viereck Horogenes chilonis (Cushman) 
Coccygomimus sanguinipes (Cresson) Pristomerus hawaiiensis Perkins 


C. punicipes (Cresson) 


Chalcididae 
Brachymeria obscurata (Walker) 

Braconidae 
Bracon mellitor Say 

Eulophidae 
Omphale metallicus Ashmead 

Bethylidae 
Perisierola emigrata Rohwer 

Dryinidae 


Sierola cryptophlebiae Fullaway 


CONTROL OF C. г/ергаа 


Parasites are apparently important in keeping the population of C. ¿lepida 
down; however, other means must be sought for adequate control. During 
the course of this study, it became evident that cultural measures of control 
appeared most promising. 

Cultural measures of control appear suitable as well as economically feasi- 
ble. Such measures could be incorporated into the general orchard practice 
at little or no additional cost. The following cultural measures of control are 
recommended after studying the biology of this species. 

1. For a new orchard it would be preferable to select a site where there are 
no favorable hosts, especially A. koa. However, if they are present they should 
be eliminated if possible. This prevents the possibility of migration of adults 
to macadamia. 
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2. Select varieties of macadamia that fruit at about the same time. This 
would provide a fruit-free period long enough so that a population main- 
tained within an orchard could be eliminated. Furthermore, fruiting at the 
same time would be advantageous in the general orchard practice. 

3. Pick up fruits at least every seven days and cart away from the orchard. 
In the study of the biology of this species, the shortest pupal period ob- 
served was eight days and pupation occurred after the fruits had fallen to the 
ground. Therefore, if fruits were picked up at the recommended interval and 
carted away, the adults would emerge away from the orchard and would nct 
be able to infest the fruits still on the trees. If the factory is located in the 
vicinity of the orchard, the fruits should be husked as soon as possible. 
Many larvae and pupae will be killed in the husking process. Those nct 
killed should be eliminated by other means if practical. 

Studies on the biology of this species revealed several factors which in- 
dicated that at present the cost of chemically controlling C. 2//72z//z exceeds 
that caused by this pest and thus chemical control is not economical. A long 
period of insecticidal coverage that is necessary and the difficulty of applica- 
tion due to the dense foliage of macadamia, appear to be the most important 
factors which contribute to the high cost of chemical control. 


OTHER PESTS OF MACADAMIA FOUND IN HAWAII 


Pests of macadamia in Hawaii, other than C. s//epida, are of minor impor- 
tance at present. They occur in small numbers and are encountered only 
occasionally. 

Toxoptera aurantii (Boyer de Fonscolombe) (Homoptera: Aphididae), the 
black citrus aphid. This cosmopolitan immigrant has a wide range of hosts 
and is usually found in the higher elevations. It attacks the flowers and newly 
set fruit of macadamia, causing drop. Fortunately this is only a minor pest in 
Hawaii, perhaps because most of the macadamia are planted in the lower 
elevations. 

Selenothrips rubrocinctus (Giard) (Thysanoptera: Thripidae), the red-banded 
thrips. This widespread species attacks the leaves and fruits of macadamia. 
In August, 1956, a rather severe infestation of this pest occurred at Keaau 
Orchard, Hawaii. In the most severely infested areas, the vast majority of the 
matured fruits were completely spotted with the dried excrement of this 
thrips. Since the fruits were matured, damage was of no economic signifi- 
cance. It appears that this pest attacks only the matured fruits, inasmuch as 
young fruits even in the most severely infested areas were not attacked. 
Leaves were attacked but damage was negligible, both in number of leaves 
attacked and in degree, even in the most severely attacked trees. This species 
was observed on young leaves but there was no apparent damage. No thrips 
was observed on trees without fruits. Apparently this species is first attracted 
to the macadamia fruits, then spreads to the leaves after attacking the fruits. 
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Pheidole megacephala (F.) (Hymenoptera: Formicidae), the big-headed ant. 
This pest is a secondary invader of the kernel. It can gain entrance to the 
inside of the shell only through a hole in the shell, which in Hawaii is most 
likely made by C. ilepida. These ants will completely devour the kernels 
which C. ¿lepida larvae have left only partially eaten. Fortunately, P. mega- 
cephala is encountered only occasionally in C. illepida-damaged kernels. Prob- 
ably P. megacephala damage would be greater if the fruits were on the ground 
or in storage for longer periods. 

Carpophilus sp. (Coleoptera: Nitidulidae). These beetles, like the big- 
headed ants, gain entrance to the kernel and devour it in the same manner. 
They are probably attracted only to kernels that have become rancid. These 
beetles transform the kernel into a powdery mass. 

The following insects have been reported doing some damage to maca- 
damia. There is only a single report of each in the literature. 

Amorbia emigratella Busck (Lepidoptera: Tortricidae), the Mexican leaf 
roller. This species was reported as a pest of the young trees. There is no 
mention of the extent of damage. 

Achaea janata (L.) (Lepidoptera: Noctuidae). This species was observed 
attacking leaves. 

Anacamptodes fragilaria (Grossbeck) (Lepidoptera: Geometridae). This 
species was observed feeding on young foliage. 

Fiorinia fiorinae (Targioni-Tozzetti) (Homoptera: Coccidae). An infesta- 
tion of this scale on a leaf was reported. 

Vanduzea segmentata (Fowler) (Homoptera: Membracidae). All stages of 
this insect were observed on young macadamia seedlings. They were feeding 
at the bases of the petioles near the tip of the growing point; however, no 
injury was apparent. 

Dacus dorsalis Hendel (Diptera: Tephritidae), the oriental fruit fly. The 
reported infestation was on prematurely fallen, immature fruits, the kernels 
of which were exposed by splitting of the shells by unknown means. 

In Australia, the home of the macadamia nut, there are several insect pests 
of macadamia, which are important economically. In the QUEENSLAND 
AGRICULTURAL AND PASTORAL HANDBOOK, vol. 3, there is a complete list 
of pests of macadamia reported from Australia, with biological notes on each. 
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